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Abstract
and size of elderly population (+60 and -70) in India is 
likely to be 69 million by 2016. This implies that six-tenths of the population +60 and -70 years and one-third of the
population +70 to -80 can be expected to be in reasonably good physical and mental health and capable of leading an active
life. The above mentioned statistics and also as per UN directive, India can be considered in aging country category. The
objective of this paper is to know which factors contribute to elderly driver, cyclist and pedestrian unsafe characteristics as a 
road user. The decrease in sensory, cognitive and physical characteristics of elderly makes them vulnerable as elderly driver,
cyclist and pedestrian than other age group (-60).
In this study, a total of 200 elderly drivers, 100 cyclist and 55 pedestrian samples were interviewed using structured 
questionnaire. Samples were weighted to remove bias using Delphi method according to gender and age. The analysis reveals
the following statistically significant effect on elderly: (i) 60+ driver faces decrease in physical strength such as steering,
braking, looking aside/backside. (ii) walking speed is (30-40%) less than standard intersection crossing design speed (iii)
Driver, cyclist and pedestrian experience vision and glare related problem and also decreased hear loss become worse with 
noise (iv) cognitive impairment related to perception- reaction time increased by 20 to 30% and also Intersection sign/marking 
becomes very significant due to decrease of cognitive function (v) Gap finding is significant in elderly and finally (vi)
intersection geometry. Self-reported data was analysed based on 10 point scale (1 indicates very serious problem and 10 not a 
pr
and pedestrian. Therefore, emerging vulnerable category of road users in form of elderly driver, cyclist and pedestrian
characteristics require immediate consideration in intersection planning and design for efficient operations and safe mobility.
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Selection and peer-review under responsibility of International Scientific Committee.
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1. Introduction 
Intersections are entitles on urban road systems where conflicts between vehicles, vehicles-pedestrian 
and vehicles-cyclist are the most prevalent. A roundabout or rotary is a type of road intersection or traffic 
calming device at which traffic enters the stream around a central island after yielding to all entering traffic. 
Elderly drivers, cyclist and pedestrian are significantly over-represented in intersection related accidents (Gururaj 
G, 2008). The growing complexity of the road environment, particularly the dominance of vehicles, high speed 
 whilst ageing can 
diminish the capacity to cope with many conflicts traffic situations. It is estimated that 43 % of all crashes occur 
at or near an intersection. The crashes about 25.12 % at intersection with traffic controls and 38.8% at 
intersections two public roads with not control occurred at intersections (Tomaz et al. 2010; Dominique et.al. 
2007; Susan et.al. 2001; Jun et.al. 2000). 
India carries 17.5% of the world population, is gradually undergoing a demographic changes. The 
combined effect of the demographic situation and changes in life expectancy at birth and/or life style over the last 
decades is resulting in both an absolute and a relative increase in the number of elderly road users and very 
vulnerable to road accidents at intersections (Singh et. al.2009; Gururaj G, 2008). As per Indian National Policy 
on older persons (NPOP, 1999), elderly population estimated about 20 million by 1950, in 2000, it was estimated 
77 million and over the first half of the 21st century, the Indian elderly is projected to be 324 million. The number 
of elderly persons has increased from 76 million in 2001 to 96.30 million in 2011 and the projections for next 
four censuses till the year 2051 are: 133.32 million (2021), 178.59 (2031), 236.01 million (2041) and 300.96 
population is currently the second largest in the world after China (100 million). As per UN criterion, if 
percentage of elderly population is 
st century (UN 2012).  In this paper, elderly was defined 
young elderly (+60 to -70), older (+70 to -80) and older old (+80). In this paper, elderly means (+60 to 70) 
without any serious disabilities.  
It is recognized that age-group (60-80) people may pose a hazard to themselves and to other road users. 
Crashes involving elderly people are frequently serious in nature and many involve elderly age of 60 or over 
(Catarina et.al.1999; Avinoam et.al. 2010; Dianne et.al. 2000). Complex situation, like heavy traffic, side impact 
collisions at intersection frequently appears to be directly caused by the elderly road users who fail to respond to 
stimuli and/or took longer time. It is also reported that many elderly suffer confusion, inattentiveness, slow 
time of elderly people is 30% longer than that of young people about from 300 to 700 ms Retchin et.al.(2001). 
Decisions are less likely to be taken almost simultaneously and executed in parallel, but rather in sequence. The 
decline in the muscle strength that accompanies aging has long been recognized. For driving, steering, braking 
and looking aside/backside is important with vision and cognitive ability.  
As a consequence of ageing, perceptual ability, cognitive function and muscular strength deteriorate and 
that may affect driving, cycling and walking in a safe manner. Visual acuity/ glare recovery, peripheral vision 
decreases with age, and distance perception is faulty at low luminance. This may also lead to timely recognition 
of traffic signs and signals. It was estimated that elderly crashes occurred at intersection about 27% due to the 
sensory impairment. Within sensory impairments, 18% occurred due to the static visual acuity, 17% due to the 
low contrast sensitivity and 19% due to dynamic visual acuity. Dynamic visual acuity for moving objects begins 
to deteriorate in the fifties and that of people over 65 years old is less than 59%, compared to that of young or 
middle-aged people (Babizhayev et.al. 2003).  It was also reported that central 300 visual field sensitivity of 0 to 
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10 become reason for crashes is about 82.8% and >10 for the 17.2%. (Maija et. al 1999; Sherril et.al. 2008; 
Sheila et.al. 1997; Carolina et.al. 2012). 
 Hearing impairments related to the ageing process occur in 13% of elderly people (+60).  Hearing loss 
may cause problems in localizing sounds and consequently in ascertaining from which direction a vehicle is 
approaching. Hearing is also important for pedestrian, bicyclist more than driver (Nikiforos et.al. 1999; Yasuo 
Mori et.al.1995; Robyn et.al. 2008; James et.al.1999).Hearing impairments and vision impairments typically has 
been defined by the unaided pure tone average (PTA) of the air-conduction thresholds at 500, 1000 and 2000 Hz. 
The PTAs used to describe the degree of hearing impairments are define as;   (1) Normal < 25 dB; (2) Mild, 25 to 
40 dB  (3) Moderate, 41 to 55 dB  (4) Moderate-severe, 56 to 70 dB (5) Severe, 71 to 90 dB and (6) profound, > 
90 dB (Mark et al. 2008).  
Physical ability to perform task requires that the masses and inertia of the body segments be supported 
and work in tandem with muscular actions. Loss of physical mobility is common for elderly road users because 
of a general weakening of body and stiffness in the joints. Strength declines in the elderly, ranging from 0% to 
30% per decade, depending on the age group and muscles studied and their walking speed. This effect becomes 
more pronounced with advancing age beyond 65 years (Takahiro et. al.2009). It is approximately a 2% increase 
in brake reaction / movement time for every five years, starting with age 15 and ending with the group of 
individuals 75 years and older (Gerald et.al. 2000; Shani et.al. 2012; Alain et al.2010).  It was also mentioned that 
there is a normal loss in speed of muscle contraction and muscle coordination of 25% between ages 30 and 70 
years (Akeem et. al.2010). Overall, the elderly have approximately 12% less cervical (neck) flexion, 32% less 
neck extension, 22% less lateral flexion and 25% less rotation than younger control groups. Snyder et al. (2003) 
report an increased in neck muscle reflex time with age. Reflex times for females were 18% longer at age 68 than 
at age 21, while reflex time were 9% longer in elderly male contrasted with younger males (Ailene et.al.2007). 
The ranges of motion (ROM) of body joints generally diminish with age. Approximately 20% decline between 
ages 45 and 70 yr in hip rotation and 10% declines in wrist and shoulders ROM. Hand grip, elbow flexion and 
trunk flexion and extension strengths decline 35-45% between the early thirties and the early seventies (Eling et. 
al.2010; Mohammed 2001; Parminder et.al.2004).The younger male drivers have higher head movement of 850 
compared to 550 for the elderly driver The maximum head movement for the different age-group of < 30, 40-59, 
60-69 and 70+ are 850, 790, 700, 550 respectively which mention that elderly person have higher decline in the 
head moments. told about 40% of the elderly cannot observe at angle of 450 compared to younger that can see at 
angle of 700 to 800 ( Robert et. al.1997; Bogdan et. al.2012; Roman et.al. 2009).  It is also noted that walking 
speed are influenced by traffic environment along with geometric design.  
All the factors mentioned in the above sections are interrelated, i.e. ageing leads to loss of physiological 
and psychological functions. Based on psychological and physiological characteristics finding, that elderly driver, 
bicyclist and pedestrian functions as vision, hearing and perception-reaction time deteriorate with age 60+ road 
users. In summary, the literature suggests that elderly driver, bicyclist and pedestrian characteristics are not 
negligible even today and also poses concerned from traffic safety perspective. Due to physical fragility, elderly 
road users are prone to fatality at intersection due to turning right, across traffic flow, left/right impact crashes, 
right-angle crashes etc. Therefore, to make safe and efficient intersection, it is necessary to consider elderly 
characteristics, while planning and designing. 
2. Methodology  
To accomplish research objectives, 3 roundabouts were selected from all roundabouts in the South Surat 
region of Surat city. The selection criteria were based on the (i) roundabout with wide range of approach width 
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and street width (ii) presence of high traffic volume of Cars, cyclist and pedestrians. All roundabouts are on level 
terrain with moderate speed.  
The data collection team included three research project staffs and six post graduate students who 
collected the whole set at all study site. Fig.1. shows that elderly cyclist and driver were interviewed by research 
project personnel. Total numbers of participates were 355 for the research work among them 255 male and 130 
female elderly persons. Among them 218 participates (140 male, 78 female) stand between age of 60+ to 70 and 
137 participates (73 male, 64 female) were having age >70. Based on findings from literatures, standard 
questionnaire was structured and elderly male and female of age 60 or over as a driver, pedestrians and cyclist 
was interviewed at day time on different intersections. Face-to-face interviews were carried out on 355 
respondents who given consent to participate and road near intersection, which just negotiated the intersection or 
is going to negotiate intersection. A series of closed ended questions were designed to get their response while 
negotiating intersections. The survey form contains the questions related to both physiological as well as 
psychological characteristics and questions are divided into major categories i.e. Physical (steering, braking, 
looking side backside, walking speed) , Vision (glare, blurred, low visibility, colour identification), Traffic flow, 
confusion (same designed circles, unclear marking & sign), Hearing, noise, right turn, turning angle and traffic 
flow (judging vehicles, separate lanes, speed of other vehicles, zebra crossing difficulties). 
The study was designed as a four factor analysis of variance (ANOVA). The dependent variable was the 
vision, hearing and noise, perception-reaction time, muscular power etc. The independent variables were age, 
gender, vehicle/cyclist/pedestrian, and road width and turning radius. The samples data were collected using 
standard questionnaire on elderly driver (200 samples, mean=65, SD=3), bicyclist (70 samples, mean=68, SD=3) 
and pedestrian (75 samples, mean=69, SD=4) on arterials road in the city of Surat, Gujarat, India.   
  
Fig.1. Elderly Driver and cyclist interviewed 
The physiological condition were categorized like, Driving problems (Steering, Braking, looking 
aside/backside, Right turn, turning angle); Vision problems (Glare, Blurred, Low visibility and colour 
identification); Hearing problems (Hearing and Noise) and Road Geometrics problems. Data were analysis with 
required weigh according to gender and age based on 2011 census data.  The baseline characteristics of each 
participants group were summarized as mean ± S.D. Unstandardized predicted values for regression were used 
with 95% confidence intervals for the mean. For analysis, variables that describe the elderly characteristics, the 
geometric characteristics of the intersection and intersection negotiating characteristics were used. To investigate 
the ageing effect on physical and mental health of driver, bicyclist and pedestrian in the presence of young road 
users, backwards multiple liner regression was used using SPSS16.00. 
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3. Results and Discussion  
The results of the liner regression were statistically significant with R2=0.99 (P<0.001).  Elderly 
participants were asked to indicate their level of concerned about different type of negotiating problems of 
intersection. Participants rated and filled the seriousness of the questions on a 10 point scale (1 indicates very 
serious problem and 10 not a problem).  
3.1 Physical Health Parameters: 
In this section, results are presented based on the structured questionnaire feedback. It was observed 
that, 51% of male and 58 % of female drivers experience difficulty in applying brakes and moving steering at 
intersections, whereas, 78 % of male and 75% female cyclist experience difficulties in braking and turning in 
sharp angle. Similarly, 84 % male drivers, 89 % Male cyclist & 58 % Male Pedestrian and 58 % Female drivers, 
75 % Female cyclist & 50 % Female Pedestrian reported difficulties in moving head aside/backside at 
intersection.  Physical strength play important role in taking right turn and turning angle. Many participants felt 
that when looking straight ahead on going traffic would appear almost perpendicular to their line of sight. In case 
of right tuning and/or turning angle, the restricted head movement needs large horizontal eye movement angles in 
order to overcome declined head movement. Total participants rated highly about 2 to 3 in group and category. 
Age related restriction of head movement must be compounded with right turn/ turning angle along with visual 
deficits in peripheral vision.   
Vision related questionnaire sought information on self  reported difficulty about glare and blurred 
vision. It was found that in group +60 and -70, glare was ranked 7 to 8 for males and 6 to 7 for female on 10 
point scale for drivers and 7 to 8 for cyclist and pedestrian in both male and female categories. However, in group 
+70 to  80 glares was scored to 4 to 5 for both male and female in all types of intersection users. All participants 
rated that lack of 6/6 eyesight severity 4 to 5 in driver category and cyclist and pedestrian rated 7 to 8. Hearing 
(+60 to -70 groups) is also recognized as one of the main parameters that distract drivers, cyclist and pedestrian. 
The 48% to 53% drivers (male and female) scaled reduced hearing problem up to 6 to 7 point and 7 to 8 point by 
cyclist and pedestrian (male/female). It was also noticed that noise distraction is 60%  and 80 % more in age 
group (+60 to -70) and (+70 to -80) respectively in male and female category  
3.2 Perception-Reaction time Trend 
Perception-Reaction 
hazard environment then it is likely to also do not pay attention on pedestrian crossing the intersection. It is 
reveals that gap judging difficulty is higher (3 to 4 point on scale) in the female age-groups (+60 to -70 and +70 
to -80) drivers, and pedestrian. Whereas, male group (+60 to -70) rated 6 to 7 and 5 to 6 for (+70 to -80) in driver, 
cyclist and pedestrian. Therefore, Male age-groups have lesser effect on gap finding but higher at judging traffic 
speed of the other vehicles.  
Road geometrics (unclear marking, sign size and location/ position, similar type of intersection) also 
rated very high by elderly road users. It is noted that unclear marking, sign size and location/ position contribute 
3 to 4 severity points on 10 point scale by 45% to 50% by male drivers, pedestrian of age group (+60 to -70) and 
54% to 62% female of same age group. Walking speed is also noted in the range of 0.7m/s to 0.9 m/s and it is 
less by about 60% to the conventional. It is also noted that confusion due to similar looking intersection by all 
users of all categories. Regardless of different causes studied in current research, it was observed that, elderly 
physical and mental characteristics are vital to consider while planning and designing of intersection      
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4. Conclusions 
The results strengthen the hypothesis that elderly drivers, cyclist and pedestrian referred differently to 
traffic related designing and planning characteristics. This research identified factors that appear to contribute to 
higher intersection negotiating problems with elderly drivers, cyclist & pedestrians rather than non-elderly 
drivers, cyclist and pedestrians. It is concluded that different physical health parameters plays very important role 
and that very much different than conventional road users characteristics. Similarly, perception and reactions 
parameters is reduced to the sever level (3 to 4) and similarly in other aspect also.   
The feeling of the elderly road users that they are no longer able to function in traffic which is specially 
made for the average/ conventional road users. Looking at the issue involving elderly people based upon the 
discussion in this paper we would inevitably reach to the conclusion that a systematic and comprehensive 
psychological and physiological characteristics along with 
conventional characteristics to plan and design intersection and even improving existing intersections. This will 
make intersection safe and operational efficient. 
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